Objective: We examined the relationship between chronotype and sleep disturbance, and assessed various factors that might be associated with sleep disturbance in Korean firefighters. Methods: Self-administered questionnaires assessing chronotype, depression, alcohol use, posttraumatic stress disorder (PTSD), stress response and sleep quality were examined in 515 firefighters. Results: Evening type firefighters more reported depression, alcohol use, PTSD, stress response and sleep disturbance. Also evening chronotype was the most significant risk factor for poor sleep quality (odds ratio [OR], 4.812; 95% confidence interval [CI], 2.448-9.459), even after controlling for all other variables (OR, 3.996; 95% CI, 1.806-8.841). Conclusion: Chronotype was the factor most strongly associated with sleep disturbance, and therefore should be considered an important variable in sleep quality, particularly in occupations involving stressful activities, such as firefighting.
INTRODUCTION
Chronotype (morning or evening) is determined according to diurnal preferences for activity and sleep. 1) Several previous studies have suggested that chronotype represents an individual, stable characteristic, which may be underpinned by endogenous factors, 2) and may affect biological and psychological functioning. [3] [4] [5] Sleep quality could be influenced by factors including age, circadian rhythm, work schedule and flexibility of sleep habits. 6) Several studies have demonstrated that the evening chronotype is associated with sleep disturbance. [7] [8] [9] [10] [11] [12] The evening chronotype has also been associated with psychiatric illnesses including substance abuse, 13) schizophrenia, 14) and mood disorders, 4, [15] [16] [17] [18] all of which can cause sleep disturbances.
Professional firefighting is a unique occupation, due to the high levels of stress and risk which it confers. Moreover, in many fire departments, firefighters typically work according to rotating shifts. Studies indicate that the prevalence of sleep disorders in firefighters is markedly higher compared with the general adult population. For example, in a recent study 59% of US firefighters were suffering from a sleep disorder. 19) In a Brazilian study from 2012, 51% of firefighters were suffering from a sleep disorder. 20) An Iranian study reported poor sleep quality (Pittsburgh Sleep Quality Index [PSQI] score of ＞ 5) in 69.9% of a sample of firefighters in Tehran. 21) Several studies have suggested that sleep disturbance in firefighters is related to psychological distress, excessive alcohol and smoking, depression and shiftwork. [20] [21] [22] Chronotype has been cited as a predictor of sleep disturbance in several studies assessing sleep quality among the general population and in nurses, but to date no study of firefighters has considered chronotype as a risk factor for sleep disturbance.
We investigated the relationship between chronotype and sleep quality in Korean firefighters, and assessed various factors that might be associated with sleep disturbance including age, shiftwork, stress response, post-traumatic stress disorder (PTSD), alcohol use, and depression.
METHODS
Data were collected from a sample of 584 emergency responders based in urban-area fire stations in the Republic of Korea. They were comprised of firefighters (n=271, 46.5%), 119 emergency medical services workers (n=104, 17.8%), 119 rescuer (n=35, 6.0%), administrative officials (n=111, 19.0%) and missing data (n=63, 10.8%). They were eligible to participate if they met the following inclusion criteria: between 18 and 65 years of age; willing and able to provide written informed consent; and able to read and write in Korean. All participants provided written informed consent following an explanation of the procedure. Evidence of cognitive impairment, or history of a psychotic disorder, represented the exclusion criteria. We excluded 69 subjects due to missing data, yielding a final sample size of 515. Demographic information pertaining to age, sex, marital status, religion and educational level, and occupational characteristics including work period, shiftwork and musculoskeletal symptoms, were obtained using a self-report questionnaire. Musculoskeletal symptoms were evaluated using the Korea Occupational Safety and Health Agency's Guidelines on Occupational Harms Affecting the Musculoskeletal System (KOSHA code H-30-208). 23) Psychometric instruments, including a Korean translation of the Composite Scale (KtCS), the Beck Depression Inventory (BDI), a Korean version of the PSQI, the Stress Response Inventory (SRI), a Korean version of the Impact of the Event Scale-Revised (IES-R) and a Korean version of the Alcohol Use Disorders Identification Test (AUDIT), were used to assess chronotype, depression, sleep disturbance, stress response, PTSD symptoms and alcohol use, respectively. This study was approved by the Institutional Review Boards of Eulji University Hospital (EMC08-47) and Dongguk University Ilsan Hospital (DUMC2009-1-17).
Measures

KtCS
Chronotype is determined by a number of different self-assessment scales, validated in several countries.
3)
The Composite Scale of Morningness (CSM) is a 13-item questionnaire that assesses individual differences in the time of day a person prefers to carry out various activities, and classifies them as morning-or evening-type. 24) Three items are scored on a 5-point scale (range, 1-5); the remaining 10 items are scored on a 4-point scale (range, 1-4). Higher scores indicate a greater morning preference. CSM consistently reported high level of reliability (＞0.80) and it has good convergent validity with other questionnaires that measure circadian typology. 25) The KtCS has acceptable psychometric properties (Cronbach's α=0.82, test-retest reliability=0.82). 26, 27) In a previous study, the cut-off points for morning-type and evening-type were set at the 10th and 90th percentiles: scores of ＞41 are indicative of morning-type; scores of ＜26 indicate evening-type.
27)
BDI
The BDI, a 21-item self-administered questionnaire, was developed to assess the severity of subjective depressive symptoms. 28) Each response is assigned a score between 0 and 3, with higher scores representing greater symptom severity. The Korean version of the BDI has good psychometric properties (Cronbach's α=0.86).
29)
PSQI
The PSQI is a self-reported questionnaire that measures sleep quality during the previous month, and distinguishes "good" from "poor" sleepers. Higher mean scores correspond to reduced sleep quality, with scores of ＞5 indicative of poor sleep quality. 30) However, in the Korean version of the PSQI, a cutoff score of 8.5 represents a sensitivity of 0.943 and a specificity of 0.844, 31) which is higher than the score of 5 in the original paper.
30) The Korean version of the PSQI has good psychometric properties (Cronbach's α=0.84).
31)
SRI
The SRI was developed by Koh et al. 32) in 2000. It includes emotional, somatic, cognitive, and behavioral stress response items (n=39) across seven subscales (tension, aggression, somatization, anger, depression, fatigue, and frustration). Each subscale is scored using Likert-type scales: 0 (Not at all); 1 (Somewhat); 2 (Moderately); 3 (Very much); 4 (Completely). The SRI has a high degree of reliability and validity, and is therefore an effective measure of stress (Cronbach's α= 0.97).
32)
IES-R
The IES-R was developed by Weiss and Marmar. 33) The original IES was a 15-item self-reported measure of two PTSD symptom domains, with seven items addressing intrusion and eight addressing avoidance. However, the original IES did not address hyperarousal symptoms; five items related to hyperarousal were thus added to the revised version. The IES-R uses 5-point scales (range, 0-4) to evaluate the severity of symptoms experienced during the previous week. The Korean version of the IES-R has Values are presented as number only, mean±standard deviation, and number (%).
good psychometric properties (Cronbach's α=0.93).
34)
AUDIT
The AUDIT is a 10-item questionnaire concerned with alcohol consumption, drinking behavior, and alcohol-related problems. The AUDIT provides a simple method of early detection of hazardous and harmful alcohol use in primary health care settings. 35) The Korean version of the AUDIT (AUDIT-K) has high internal consistency and test-retest reliability. The significant correlation coefficients of the AUDIT-K, with the Korean versions of the Michigan Alcoholism Screening Test (MAST-K) and Korean version of CAGE (CAGE-K), were 0.86 and 0.80, respectively. The optimal cut-off point was estimated as 12, at which value sensitivity and specificity were 0.84 and 0.86, respectively.
36)
Data Analysis
Firefighters were categorized as being either morning, neither, or evening chronotypes, based upon their KtCS scores. For basic comparisons, sociodemographic characteristics were examined using one-way analysis of variance (ANOVA) for continuous variables, and chi-squared tests for categorical variables. Multivariate analysis of covariance (MANCOVA) was applied to evaluate differences between chronotypes with respect to IES-R, AUDIT, SRI, BDI and PSQI scores with age as a covariate to control for possible effects. Using a PSQI cutoff score of 8.5, we divided firefighters into good and poor sleepers. Logistic regression analyses were used to identify factors that might influence sleep quality. These factors were age, shift schedule, musculoskeletal symptoms, PTSD, alcohol use, stress response, depression and chronotype. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. Statistical analyses were performed using the PASW Statistics for Windows software package (ver. 18.0; IBM Co., Armonk, NY, USA).
RESULTS
Sociodemographic Characteristics of the Study Sample (Table 1) We divided the firefighters into three groups according to their KtCS scores: morning-type (n=97, 18.8%), neither-type (n=367, 71.3%), and evening-type (n=51, 9.9%).
The proportion of female firefighters was 9.28% in morning-type, 4.09% in neither, and 7.84% in evening-type. No significant group differences in sex, marital status or religion were observed.
The morning-type group had the highest mean age, followed by the neither group, and then the evening-type group. One-way ANOVA revealed significant differences in mean age among the three groups (p＜0.001).
Education, work period and shift schedule were also significantly different among the three groups. Morningtype firefighters were characterized by a lower education level (p＜0.05) and longer work period (p＜0.001) compared with the other two groups. However, after controlling for age, there were no significant differences between chronotypes in education and work period. 
Comparison of the Psychiatric Rating Scale Scores of the Chronotypes
Descriptive data for circadian typology in the psychiatric rating scale scores are shown in Fig. 1 and Table 2 . In all of the psychiatric rating scales, evening-types had higher scores than did morning-types. MANCOVA with controlling for age confirmed group differences in SRI, BDI and PSQI scores (p＜0.05; Table 2 ). Post hoc comparisons revealed that all scores were significantly different between all groups (p＜0.05), except difference of BDI between morning-type vs. neither-type (Figure 1 ). (Table 3) Logistic regression analysis was performed to discern the effect of chronotype, and other variables, on sleep quality. All of the other previously listed variables were adjusted for.
Factors Related to Sleep Disturbance
Using a PSQI cutoff score of 8.5, we divided the firefighters into good (PSQI score of ＜8.5, n=328, 79.6%) and poor (PSQI score of ＞8.5, n=84, 20.4%) sleepers.
In a logistic regression analysis of the good and poor sleepers, IES-R (OR, 1.044; 95% CI, 1. 
DISCUSSION
We assessed the relationship between chronotype and sleep disturbance in Korean firefighters, analyzing the effects of age, shiftwork, stress response, PTSD, alcohol use, and depression. We found that evening-type firefighters reported poorer sleep quality compared with morning-type firefighters. The major determinant of sleep quality was chronotype.
Some studies have reported that evening types are more common among men than women, [37] [38] [39] although Merikanto et al. 10) found that morning types were more frequent among men than women. In this study, we did not find any differences in chronotype according to sex. The discrepancy could be due to differences in the recruitment process and the representativeness of the study samples. Our study sample represented a special job population rather than a general population, and there were few women.
Chronotype has been shown to depend on age. [40] [41] [42] [43] In this study, the morning-type group had the oldest mean age, followed by the neither-type and evening-type groups. In other studies of chronotype, the morningness score tended to increase with age after adolescence. 6, 10, 37, [44] [45] [46] [47] Furthermore, the period and amplitude of body temperature rhythms decrease with age. 48) Earlier phases of the circadian temperature rhythm are associated with earlier habitual bed and wake times. 49) With aging, the circadian rhythm phase moves forward so that individuals may shift toward the morning type. Our study subjects also showed significant variation in education level and work period, which were related to age. After controlling for age, these differences disappeared.
Most of our study subjects were shift workers, and fewer shift workers are morning types. We found that shiftwork was not associated with sleep disturbance. Several studies have investigated the relationship between sleep quality and chronotype in shift nurses. 11, 12) Evening-type nurses working variable shifts were more likely to have poor sleep quality compared with morning types, after controlling for age. Consistent with our finding, the strongest predictor of sleep quality in nurses was chronotype rather than the shift schedule or pattern. 12) However, other studies have found significantly reduced sleep duration and quality in evening-type versus morning-type shift workers. 11, 50, 51) Sleep disturbance, fatigue, and work-related accidents are relatively common among shift workers. 52) Furthermore, fatigue, decreased alertness, and poorer mood are more frequent among firefighters working night shifts. 53) Consequently, shiftwork itself may be associated with sleep disturbances and other psychiatric symptoms. This study compared a relatively small number of non-shiftwork firefighters with shiftwork firefighters; therefore, future studies would benefit from larger sample sizes.
Consistent with previous studies, 7, 9, 10) being an evening-type was associated with sleep disturbance in this study. Merikanto et al. 10) have also reported that, among both males and females, evening types experience insufficient sleep and nightmares and are significantly more likely to have used hypnotics recently compared with the other chronotypes. 10) Recent evidence linked the evening chronotype to more frequent and intense nightmares. 54, 55) In one study, compared with morning and intermediate chronotypes, evening types reported more pathological, insomnia-related symptoms, despite their having more total sleep time. 7) One explanation for the poorer sleep quality in evening types may be that this chronotype is associated with a relatively longer circadian period, 56) leading to higher levels of sleep inertia. Accordingly, evening-type individuals tend to experience morning sleepiness and insufficient sleep.
10) The greater proneness of evening types to experience sleep problems compared with morning types may also be related to differences in their homeostatic sleep regulation, probably due to the faster homeostatic sleep pressure dissipation in morning types. 57) Morning types show an increased homeostatic response to behavioral sleep fragmentation than do evening types. Chronotype and sex were shown to affect the sleep architecture and quantitative sleep electroencephalography parameters in healthy young adults. 58, 59) In this study, evening types also had higher BDI scores compared with the other chronotypes. Several studies have suggested a relationship between depression and chronotype, patients with major depression included a higher proportion of evening chronotypes than did nonclinical populations 4, 5, 55) and non-insomniacs. 4, 7, 17) Another study suggested that evening chronotype is a risk factor for depression. 4, 17) Although evening preference has recently been identified as a risk factor for depression, it is not clear whether it is a direct risk factor or exerts a secondary effect through other factors, including delayed sleep timing and shortened sleep duration. Although our study does not demonstrate causal relationships among chronotype, sleep disturbance, and depression, it does suggest functional associations between variations in mood and the biological clock systems that regulate diurnal preference and sleep.
Few studies have focused on the influence of chronotype on hazardous alcohol consumption. Studies indicate that evening-type subjects consume more alcohol than do morning-and neither-type subjects. 60, 61) Prat and Adan 62) evaluated the relation between the AUDIT scores and chronotype and found that evening-type subjects scored higher on the subscales for potential alcohol problems compared with morning-and neither-type subjects. They postulated that evening types may tend to consume more alcohol at the end of the day when they are highly activated, perhaps excessively so, and use alcohol as a depressant to counteract this level of activity. Other authors have pointed out that evening-type individuals are prone to higher novelty or sensation seeking and impulsivity, 3, 63, 64) personality traits that have been associated with substance abuse, which might indirectly explain the association between eveningness and substance use. 62) Our study also found that evening-type firefighters had higher AUDIT scores than did other chronotypes, although the difference was not significant. This could be due to differences in sociodemographic characteristics, including age, sex, marital status, and occupation. Our subjects included a wider range of ages, a much lower percentage of females, and more married people that that study. Especially, considering the distinct occupational characteristics, firefighters may represent a group at risk for drinking. The mean total AUDIT scores across the chronotypes in our study subjects were higher than general population. Several studies have revealed that the drinking levels of firefighters exceeded those of the general adult population. 65, 66) It is well known that PTSD, depression, and alcohol use are associated with sleep disturbance. Previous studies of firefighters and other rescue workers have reported higher rates of all three phenomena. 67) Several studies have assessed the factors associated with sleep disturbance in firefighters. Psychological distress, psychosomatic imbalance, suicidal ideation, and excessive alcohol use were significantly associated with sleep disturbance, 20) and smoking, having a second job, and greater job experience were suggested as predictors of poor sleep. 21) In a recent South Korean study of firefighters, shiftwork, musculoskeletal symptoms, and depression were associated with sleep disorders. 22) Our study considered a relatively wide range of factors, including depression, PTSD, alcohol use, stress response, musculoskeletal symptoms, shiftwork, and chronotype. Depression and stress response were significantly related to chronotype. Additionally in multiple logistic regression analysis, the factor most strongly associated with sleep disturbance was chronotype. No previous study of firefighters has considered chronotype as a risk factor for sleep disturbance, so this result is noteworthy.
Professional firefighters are exposed to greater risks of physical and mental health problems and high-risk behaviors affecting psychosomatic well-being than most other groups of people are. 19) These difficulties might result in adverse effects on performance and health, including psychiatric condition. [19] [20] [21] 67) Firefighters at particularly high risk for psychiatric problems are required to undergo individually tailored health promotion and prevention interventions.
According to our results, chronotype should be considered a risk factor for sleep disturbance in firefighters. Therefore, assessing chronotype may represent an important initial risk-analysis step. Identification of chronotype can be used not only to predict sleep disturbance but also to detect or prevent psychiatric disorders that may accompany sleep disturbance.
This study has several limitations. First, the cross-sectional design limits its ability to establish causal relationships. Therefore, the results should be interpreted cautiously, and future longitudinal and experimental research is required. Second, this study relied solely on self-reported questionnaires. Although all of the scales used have been validated, future studies using standardized interviews or observational methods could provide more accurate and detailed information on the complex mechanisms underlying the relationship between chronotype and sleep disturbance. Third, other factors that might influence sleep disturbance, such as nicotine and caffeine use, were not assessed comprehensively. Finally, the study included very few female participants. Future research involving more females is required to determine whether our results can be generalized to female firefighters.
In a Korean sample, evening-type firefighters were characterized by poorer sleep quality compared with both neither and morning-types. The variable most strongly associated with sleep quality was chronotype.
Chronotype should therefore be considered an important risk factor for sleep disturbance in occupations in-volving stressful activities and high-risk behaviors, such as firefighting.
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